Aims: Sentinel lymph node biopsy (SLNB) is an important component in the staging and treatment of cutaneous melanoma (CM). The medical literature provides only limited information regarding melanoma sentinel lymph node (SLN) histology. This report details the specific histological patterns of melanoma metastases in sentinel lymph nodes (SLNs) and highlights some key factors in evaluating SLNs for melanoma. Methods: From 281 SLNB cases between June 1998 and May 2002, 79 consecutive cases of SLN biopsies positive for metastases from CM were retrospectively reviewed. The important characteristics of the SLNs and the metastatic foci are described. Results: The median size of positive SLNs was 17 mm (range, 5-38). SLNs had a median of two metastatic foci (range, 1-11), with the largest foci being a median of 1.1 mm in size (range, 0.05-24). S-100 and HMB-45 staining was positive in 100% and 92% of the detected metastatic foci, respectively. The metastatic melanoma cells were epithelioid, spindled, and mixed in 86%, 5%, and 9% of cases. Metastatic foci were most often (86%) found in the subcapsular region of the SLN. Benign naevic cells were found coexisting in 14% of positive SLNs. Conclusions: Staining for S100 is more sensitive than HMB-45 (100% v 92%), but HMB-45 staining helped to distinguish benign naevic cells from melanoma. The subcapsular region was crucial in SLN evaluation, because it contained the metastases in 86% of cases. Evaluation of the subcapsular space should not be compromised by cautery artefacts or incomplete excision of the SLN. C utaneous melanoma (CM) is responsible for more deaths than all other forms of skin malignancy combined, and its incidence has increased 15 fold over the past 60 years.
C utaneous melanoma (CM) is responsible for more deaths than all other forms of skin malignancy combined, and its incidence has increased 15 fold over the past 60 years. 1 The lifetime risk of CM was estimated at one in 68 in 2002, a large increase from that estimated in 1985 (one in 150). In addition, CM often affects individuals at an early age. [2] [3] [4] Most melanomas are curable if they are adequately excised before they metastasise. The rate of metastasis increases with the depth of invasion and the presence of ulceration. Currently, regional nodal status is one of the best predictors for systemic metastasis and survival, and it is used as an indicator for systemic adjuvant treatment.
''There is now convincing evidence that sentinel lymph nodes are accurate predictors of the status of the entire nodal basin''
The methodology of using a vital blue dye to detect and excise the first draining (sentinel) lymph node(s) in melanoma was described by Morton et al in 1992. 5 The technique was later modified by the addition of radiocolloid. 6 There is now convincing evidence that sentinel lymph nodes (SLNs) are accurate predictors of the status of the entire nodal basin. 5 If detailed examination of the SLNs is negative for malignancy, then the chance of disease being present in the other lymph nodes in the same nodal basin is estimated to be less than 2% (negative predictive value 98.6%). 7 Conversely, if the SLNs are involved with metastatic cells, other nodes have an approximately 20% chance of harbouring metastasis, for which a completion lymphadenectomy is recommended. 7 In general, the prognosis is worse the higher the number of lymph nodes involved, 8 and adjuvant treatments such as interferon are often used. However, patient outcomes are not entirely predictable. 9 Ten year mortality with nodal involvement ranges from 37% to 85%. 8 The morphology of the melanoma cells within the SLNs has never been classified, prompting us to detail the results of our experience. This publication presents data from over four years of sentinel lymph node biopsy (SLNB) collection. The histological characteristics are described, and the possible future applications relating to the correlation of these features with clinical outcomes will be discussed.
METHODS AND MATERIALS
Our study was conducted at Princess Margaret Hospital, University Health Network, at the University of Toronto, Canada. Our institution began standardised synoptic reporting of melanoma cases in 1998. Between June 1998 and May 2002, the indications for SLNB were primary tumours with thickness greater than 1.0 mm, or with the presence of ulceration. Patients with clinically involved regional lymph node and systemic metastasis were excluded.
SLNBs
SLNBs were performed according to McCready et al. 10 Briefly, peritumour intradermal injections of unfiltered technitium-99 sulfa colloid (20-40 mBq in 0.5 ml), with or without patent blue dye (0.5 ml), were used to identify SLNs intraoperatively with a c probe. All hot and/or blue SLNs were excised through a small skin incision until the background count was less than 10% of the hottest node.
Pathology
The pathology assessments were done according to Cochran. 11 In brief, the lymph nodes were either bivalved or cut into 3 mm blocks, depending on the size of the node. Sections 1, 3, and 5 were stained with haematoxylin and eosin (H&E); sections 2 and 4 were immunohistochemically stained for S-100 (polyclonal antibody; Dako; 1/3000 dilution) and HMB-45 (monoclonal antibody; Dako; 1/50 dilution).
Data collection and analyses
Data relating to the primary tumour histopathological characteristics were prospectively recorded in a synoptic report. All the SLN specimens were analysed by the same dermatopathologist (DG).
RESULTS
In total, there were 281 SLNB cases for melanoma between June 1998 and May 2002. The success rate of identifying at least one SLN was 100%, with a median of two SLNs (range, 1-8) removed for each patient. Seventy nine of the 281 cases (28%) were positive for nodal metastasis. Of the SLN positive patients, 62% were men, the average age was 50 years, the median thickness of the primary tumour was 2.65 mm (range, 1.0-11), and 19% were ulcerated. Figure 1 shows the sites of the primary tumours. Wide local excisions were performed before SLNB in 39% of the patients, and at the same time as SLN excision in the remaining 61%. Of the 79 SLN positive patients, a total of 215 SLNs were assessed, of which 46% were positive (median, one/patient; range, 1-3). All of the metastatic foci were positive for S-100, but only 92% were positive for HMB-45. The median size of the SLNs measured was 17 mm (range, 5-38 mm). The median number of foci observed was two (range, 1-11). The median size of the largest focus in each case was 1.1 mm (range, 0.05-24). The metastatic cells in the SLNs were epithelioid in 86% cases, compared with 5% spindled and 9% mixed epithelioid and spindled type (fig 2) . Thirty two per cent of the malignant foci had a subcapsular location, 44% a subcapsular and parenchymal location, 11% a parenchymal location, 5% a sinusoidal and subcapsular location, but none a sinusoidal location alone (fig 3) . Benign naevic cells were found coexisting in 11 of the 79 positive SLN cases. Extracapsular spread was noted in four cases.
DISCUSSION
The management of melanoma is complex and is dependent on the staging at the initial diagnosis. For patients with intermediate to thick CM, SLNB is the standard nodal staging procedure. SLNB is very accurate in predicting the status of the remaining regional lymph nodes, 7 12-14 and is currently the most significant independent prognostic indicator for survival when compared with all other factors, including tumour thickness and the presence of ulceration. 7 15-17 The importance of SLNB in the management of melanoma is reflected in the most recent AJCC staging system. 8 World Health Organisation representatives have recently stated that SLNB is the standard of care in the management of patients with melanoma and is fundamental to further directives in surgery and adjuvant treatment strategies. 15 Several studies, including the multicentre selective lymphadenectomy trial, 14 will help to answer the question of whether or not SLNB offers any survival advantage in these patients. The current standard for the diagnosis of SLN metastasis is based on routine H&E histology and immunohistochemistry (IHC). The sensitivity of detection is increased with IHC, multiple sectioning, 13 18 and reverse transcriptase polymerase chain reaction (RT-PCR) techniques. 5 17 19-23 In one series, the relapse rate over 28 months for H&E detected SLN positive patients was 67%, whereas the relapse rate for SLN negative patients was 2-6% during the same period. 17 Patients who were RT-PCR positive but histologically negative relapsed 13-20% of the time. 24 However, the role of such molecular genetic techniques in identifying melanoma proteins remains undefined, despite greater sensitivity. 25 False positives resulting from benign naevic cells raise concern and necessitate further refinement. Attempts to develop a radiological test, such as positron emission tomography, to identify malignant spread within the lymphatics have been disappointing. 26 In patients with breast cancer, an attempt was made to define pathological features that portend a more specific prognosis. Chu et al noted that non-sentinel nodes were never involved with breast metastases if the SLN micrometastatic focus was less than 2 mm in size, and detected only by IHC. 27 Czerniecki's group similarly found an absence of spread beyond the SLN if micrometastatic foci were less than 2 mm and the primary breast tumour was smaller than 2 cm. 28 In melanoma, Wagner et al failed to correlate the number of metastatic foci in SLNs with the risk of non-SLN involvement, but the study did not record the size of the foci. 29 The Cavalieri principle has been used to estimate the tumour volume in primary and lymphatic melanoma. However, this technique is cumbersome and does not account for many other features of nodal histology. 30 Other authors 25 31 have used a micrometric approach to approximate volumes. Starz et al reported a predictive model of outcome using a combination of the number of histological 1 mm sections involved with tumour and the centripetal depth of spread within the SLN. 25 A multivariate Cox analysis showed that centripetal invasion within the SNL was an independent risk factor for distant metastasis and survival.
''Surgeons should be aware that the subcapsular region is crucial in sentinel lymph node (SLN) evaluation and the architecture of the SLN can be disrupted easily if the procedure is not carried out with care'' There is little literature on the histopathological features of the metastatic foci in SLNs for melanoma. Our goal is to describe these features so that they may be evaluated as potential predictive factors for future studies. We found that 86% of SLN positive cases involved the subcapsular region, so that this should be the primary location when examining sentinel nodes. However, 11% were only found when the parenchyma of the lymph node was examined. Surgeons should be aware that the subcapsular region is crucial in SLN evaluation and the architecture of the SLN can be disrupted easily if the procedure is not carried out with care. To reduce the false negative rate, surgeons should avoid crushing and excessive cautery usage to preserve the integrity of the SLN. It is also important not to cut into the SLN and complete excision of the whole SLN is crucial. Five percent of the SLN metastases demonstrated solely a spindle cell morphology; in primary CM, this morphology is thought to be associated with a better prognosis than epithelioid morphology. 32 33 It is important to distinguish naevic cells from melanoma metastasis. In our experience, naevic cells are usually present within the capsule (intracapsular) or within the trabeculae, and typically stain negatively, or only faintly positively, with HMB-45. Reactive dendritic cells, nerve fragments, and benign naevic cells may each stain positively for S100.
Plasma cells, mast cells, and some calcifications within lymph nodes may infrequently stain with HMB-45. Some spindled melanoma cells may stain negatively with HMB-45. Malignant foci must be carefully searched for on each section, because small foci may only be seen on a single section and not confirmed on deeper cuts.
11
In our study, all melanoma metastases in SLNs were detected by routine H&E histology and S100 stains. MART-1 (melan-A), now used routinely as a melanoma marker in the assessment of SLN, was not used during the study period in our retrospective analysis. However, similar to S-100, MART-1 cannot differentiate between benign naevic cells and melanoma. The HMB-45 immunostain was helpful in distinguishing benign naevic cells, which are usually HMB-45 negative, from melanoma.
Of interest, it has recently been shown that a larger melanoma tumour burden in the SLNB has prognostic significance. 34 Ranieri et al reported that both a greater total lymph node tumour volume and larger tumour nodules within the SLN were associated with worse outcomes. 34 Correlation of size of the tumour deposit, number of foci, location of foci, and the cell type (epithelioid, spindled, or mixed) with other clinicopathological prognostic indicators is ongoing at our centre and will be reported separately.
CONCLUSION
Although SLNB has become the standard nodal assessment method for the management of CM, we hope to improve upon the current diagnostic accuracy by providing a detailed description of the histopathological features of the metastatic pattern in SLNs. We have found that the subcapsular site is the most common location for the metastatic deposits and that most metastatic cells have an epithelioid morphology. The S100 stain was 100% sensitive in our series, but the HMB-45 stain allowed us to differentiate benign naevic cells from their malignant counterparts. Examination at the subcapsular level, combined with the use of S100 staining, is the most practical and sensitive method to ensure the detection of micrometastatic nodal disease. To reduce the false negative rate, surgeons and pathologists who perform SLNB should be aware of the clinical and pathological pitfalls of SLNB, and must ensure the integrity of the SLN architecture during the procedure. Take home messages N When examining sentinel lymph node biopsies for melanoma metastases we found that the S100 stain was 100% sensitive, whereas the HMB-45 stain allowed us to differentiate benign naevic cells from their malignant counterparts N Examination at the subcapsular level, combined with the use of S100 staining, is the most practical and sensitive method to ensure the detection of micrometastatic nodal disease N Evaluation of the subcapsular space should not be compromised by cautery artefacts or incomplete excision of the sentinel lymph node D M Ghazarian, Department of Pathology, Princess Margaret Hospital, University Health Network, Toronto, Ontario, Canada
